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 Egg volume and surface area are valuable predictors of egg quality traits. 
 
 A method of geometrical transformation of an egg contour into a geometrical figure was 
examined. 
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 2 
Abstract 13 
Egg volume and surface area are reliable predictors of quality traits for both table and hatching 14 
chicken eggs. A new non-destructive technique for the fast and accurate evaluation of these two egg 15 
variables is addressed in the present study. The proposed method is based on the geometrical 16 
transformation of actual egg contour into a well-known geometrical figure which shape most of all 17 
resembles the examined egg. The volume and surface area of an examined egg were recomputed 18 
using the formulae appropriate for three figures including sphere, ellipsoid, and egg-shape ovoid. 19 
The method of the geometrical transformation includes the measurements of the egg length and the 20 
area of the examined eggs. These variables were determined using two-dimensional (2-D) digital 21 
imaging and image processing techniques. The geometrical transformation approach is proven to be 22 
reliable to turn the studied chicken eggs into the three chosen ovoid models, with the best 23 
prediction being shown for the ellipsoid and egg-shape ovoid, whilst the former was slightly more 24 
preferable. Depending on the avian species studied, we hypothesise that it would be more suitable 25 
to use the sphere model for more round shaped eggs and the egg-shaped ovoid model if the 26 
examined eggs are more conical. The choice of the proposed transformation technique would be 27 
applicable not only for the needs of poultry industry but also in ornithological, basically zoological 28 
studies when handling the varieties of eggs of different shapes. The experimental results show that 29 
the method proposed is accurate, reliable, robust and fast when coupled and assisted with the digital 30 
imaging and image processing techniques, and can serve as a basis for developing an appropriate 31 
instrumental technology and bringing it into the practice of poultry enterprises and hatcheries. 32 
 33 
Keywords: Egg quality; Non-destructive measurements; Egg volume; Egg surface area; Digital 34 
imaging; Image processing 35 
36 
 3 
1. Introduction 37 
Such egg variables as the volume and surface area are valuable predictors of quality traits 38 
for both table and hatching eggs. Current technical solutions in poultry industry require a non-39 
destructive method for the fast and accurate evaluation of these egg’s physical parameters. One of 40 
the methodological approaches toward developing this non-invasive technique is to describe the 41 
egg shape with a valid mathematical model enabling to evaluate the egg volume and surface area 42 
with classic geometrical equations (Narushin, 1997a). Attempts to derive an appropriate formula for 43 
description of egg contours were undertaken previously (Narushin, 1997a,b, 2001b; Nishiyama, 44 
2012; Troscianko, 2014; Mytiai and Matsyura, 2017; Biggins et al., 2018). A common prerequisite 45 
for these estimations is to increase the quantity of measured points in order to make the egg 46 
geometry as close to the original egg as possible. Nevertheless, this approach is still far from being 47 
adapted for practical uses. 48 
In our previous research, we focused on the extensive evaluation of the egg volume and 49 
surface area (Narushin, 2001a; Narushin and Romanov, 2002a,b; Narushin et al., 2002, 2016). In 50 
the present study, we revise and lay out a theoretical appraisal that would allow us to figure out an 51 
appropriate modus operandi for an optimal solution to compute the egg volume and surface area 52 
using mathematical modelling and a minor set of non-destructive instrumental measurements 53 
including the application of digital imaging and image processing techniques. 54 
Previously, we proposed a method for computing the egg volume and surface area through 55 
the geometrical transformation of an actual egg contour into a well-known geometrical figure 56 
which shape mostly resembles the examined egg (Narushin, 1993, 1997b, 2001b). For this purpose, 57 
two candidates were suggested for such a geometrical model, i.e., an ellipse (Narushin, 1993), and a 58 
theoretically derived egg-shaped contour (Narushin, 2001b) defined by the egg length, L, and the 59 







n     (1) 61 
where n is a function of the egg shape index, B/L. 62 
 4 
 63 
It was found that these both the transformation models (i.e., the ellipsoidal and egg-shaped 64 
geometrical figures) would give rather similar results when determining the volume, with a slight 65 
domination in accuracy of the egg-shaped model (Narushin, 2001b). Narushin et al. (1997b) also 66 
suggested three possible procedures of the geometrical transformation: (1) the coequality of long 67 
circumferences of the actual egg and the geometrical analogues, (2) the coequality of their areas of 68 
normal projections, and (3) the coequality of the volumes, and explored the transformation under 69 
the first scenario. However, the previously proposed manual measurements of the egg long 70 
circumference (Narushin, 1996) were rather tedious and not accurate enough. Recent development 71 
of machine vision techniques have made it possible for measuring the area of egg’s normal 72 
projection in a much simple, fast and accurate way (Zhou et al., 2009; Soltani et al., 2015; Zhang et 73 
al., 2016; Dangphonthong and Pinate, 2016; Zlatev, 2018; Chan et al., 2018). In view of this 74 
technological development, there is a need in revising the methods for the geometrical 75 
transformation of avian eggs to estimate their volumes and surface areas non-invasively. 76 
In this study, we set out an objective to explore a feasibility of using a method of the 77 
geometrical transformation of an actual egg into the contours of a known ovoid for estimating the 78 
egg volume and surface area based on non-destructive, 2-D (two-dimensional) digital imaging-79 
based measurements of the egg length and area of its normal projection. This approach has been 80 
proven to be promising and opening further research avenues toward development of the 81 
appropriate instrumental technology for non-invasive assessment of the egg’s inner variables that 82 
can be used for industrial egg sorting. 83 
 84 
2. Methodology 85 
According to Biggins et al. (2018), ten types of avian egg shape occur more often in the 86 
nature as can be presented schematically in Fig. 1. There are three geometrical figures that can be 87 
used as models for the transformation of the contours of an actual examined egg, i.e., a sphere, an 88 
 5 
ellipsoid, and an egg-shape ovoid. Let us overview the basic calculative formulae for these three 89 
egg shape models that can aid in the geometrical transformation and are used to compute the egg 90 
area of the normal projection, A, the volume, V, and the surface area, S, as follows. 91 
 92 
2.1. Sphere 93 
A normal projection of the sphere is a circle. Then, the length, L, and the maximum breadth, 94 
B, of a projected egg are simply equal to the circle diameter, and the appropriate calculative 95 
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, (3) 99 
2BS  . (4) 100 
It is assumed that the 2-D image of the egg reflects the area of the actual egg’s normal 101 
projection (A), the latter should be input in Eq. 2. As a result, the egg can be geometrically 102 






 . (5) 105 
Bt also means a provisional dimension that corresponds to the empirical diameter of the 106 
circle into which the examined egg image is geometrically transformed. Thus, to compute the egg 107 
volume and surface area, the value of Bt should be used instead of B in Eqs. 3 and 4. 108 
 109 
2.2. Ellipsoid 110 
A normal projection of the ellipsoid is an ellipse, the long axis of which corresponds to L 111 
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  . (7) 115 
The formula for computing the surface area of ellipsoid contains several prerequisites and 116 
depends on its eccentricity, ɛ (Tee, 2004). For a prolate ellipsoid that is most similar to the egg 117 
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.   (9) 120 
In this case, A and L should be measured instrumentally. Using these two variables, it is 121 
possible to perform the geometrical transformation of the examined egg into the ellipsoid 122 








 .  (10) 124 
The computation of A and S can be done after inputting Bt into Eqs. 7–9 instead of B. 125 
 126 
2.3. Egg-shaped ovoid 127 
A formula of the egg-shaped curvature (Eq. 1) was deduced by Narushin (2001b) based on a 128 
polar equation of a folium (e.g., Kokoska, 2012). This appeared to be a geometrical figure model 129 
that resembles the contours of actual eggs in the best way. The variable n in Eq. 1 that reflects a 130 
function of the egg shape index, B/L, was previously expressed as a power function (Narushin, 131 
2001b) and, later on, in a form of quadratic dependence (Narushin, 2005), being defined by 132 
simulating the B/L data. This approach described adequately a variety of avian eggs in the nature 133 
and showed a rather high correlation coefficient of the calculative data. We decided to repeat this 134 
simulation trial using a more advanced mathematical apparatus that had been notably improved 135 
 7 
over the last 15 years since the initial study was carried out. As a result, a more appropriate and 136 
precise formula was obtained for n for which the correlation coefficient R
2












n . (11) 138 
Our preliminary theoretical findings (Narushin, 1997b, 1998, 2001b, 2005) also suggested 139 
derivation of several basic formulae for the egg-shaped ovoid model obtained by revolving the egg-140 
shaped curvature around its long axis. A formula for estimating the volume of the egg-shaped ovoid 141 










 .  (12) 144 
Substituting Eq. 11 into Eq. 12 and completing some simplifications yielded the following 145 











 .  (13) 147 
A detailed mathematical transformation for deriving Eq. 13 is given in Appendix A. 148 
The area of the normal projection, A, is normally estimated with definite integration 149 
formulae. Narushin (2001b) found that only approximate methods could assist in resolving such an 150 
integral based on the Simpson’s rule (Recktenwald, 2000). To improve the accuracy of the 151 
computation for any egg which shape can be described with Eq. 1, we performed the computation 152 
using actual numbers of the linear variables of a typical hen’s egg (Romanoff and Romanoff, 1949). 153 
A step-by-step solution of the integral for measuring A (refer to Appendix B) led to: 154 
22 014.0637.0118.0 LLBBA  .  (14) 155 
To proceed with the geometrical transformation of the examined egg into the egg-shaped 156 
ovoid, B can be derived from Eq. 14 (refer to Appendix C): 157 
LALB 699.2183.1677.2 2  .  (15) 158 
 8 
The equation for estimating the surface area of the egg-shaped ovoid was proposed by 159 
Narushin (2001b), although it was not accurate enough since it was simulated under the data of 160 
only four values of coefficient n from Eq. 1. To make the further comparative investigations 161 
between the egg volume and surface area simpler, another trial of simulation process for computing 162 
S was performed that resulted in a more appropriate and accurate function for which the correlation 163 
coefficient R
2
 would be equal to 1: 164 
22 08.0879.1077.1 LBLBS  .  (16) 165 
To solve Eq. 16, the projection area of the examined egg (A) and the egg length (L) should 166 
be measured instrumentally. The instrumental assessment of these two variables makes it possible 167 
to get the geometrical transformation of the examined egg into the egg-shaped ovoid recalculating 168 
Bt using Eq. 15. Afterwards, we can compute V and S after changing B for Bt in Eqs. 13 and 16. 169 
 170 
2.4. Relation between surface area and volume 171 
Considering that there is no any accurate direct method for measuring the egg surface area 172 
(Narushin, 1997a), the conformation of calculations can be proved by examining the computation 173 
accuracy of the egg volume because these two parameters are closely related. As shown in the past 174 
(Romanoff and Romanoff, 1949; Paganelli et al., 1974; Shott and Preston, 1975; Tatum, 1977), the 175 
relation between these variables can be written as: 176 
3
2
1VkS    (17) 177 
where k1 is a dimensionless constant. 178 
Narushin (1997b) also confirmed the validity of Eq. 17 using the dimensional analysis 179 
(Schenk, 1979) and compared the theoretical formulae for computing the volume and surface area 180 
of the egg-shaped ovoid. Gonzalez et al. (1982) explained such dependence as a typical 181 
thermogenic process, which corresponds to basal metabolic rate. 182 
 9 
To test eventually the correctness of Eq. 17, the above appropriate equations for the 183 
calculation of V and S were compared for the three models of the chosen geometrical figures that 184 
are most similar to the egg shape as follows: 185 
 186 
Sphere. The comparison of Eqs. 3 and 4 leads to: 187 
3
2












































 , (19) 190 
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The detailed derivation of Eqs. 18–20 is given in Appendix D. 195 
Thus, based on the validity of Eq. 18, it can be stated that the implementation of the 196 
calculative method for V using the direct, non-invasive egg measurement can lead to the 197 
appropriate computation of S. 198 
 199 
3. Materials and Measurements 200 
 10 
A total of 40 fresh chicken eggs of medium and large sizes were purchased from Woodlands 201 
Farm, Canterbury and Staveleys Eggs Ltd, Coppull, UK. The weight of the eggs was measured 202 
using a precision balance (Mettler Toledo PL602E, 620 g capacity, 0.01 g readability). The length 203 
(L) and maximum breadth (B) of the eggs were measured with a Vernier calliper (with a 0.01 mm 204 
accuracy), and the volume (V) was determined using the Archimedes’ method by immersing the 205 
eggs into water. 206 
The image system that was used in this study is shown on the block diagram in Fig. 2 whilst 207 
Fig. 3 illustrates the physical setup of the system. The system basically consists of a digital camera, 208 
a non-reflection enclosure with LED (liquid emitted diode) lighting facilities, and a personal 209 
computer. The camera (UI-2230RE) has a CMOS (Complementary Metal Oxide Semiconductor) 210 
RGB (Red, Green and Blue) imaging sensor with a resolution of 1024 (H) × 768 (V) pixels 211 
transmits images to the computer via USB 3.0 data transmission at a frame rate of 25 frames per 212 
second. The LED laminated non-reflection enclosure provides a uniformed and stable illumination 213 
environment for the image acquisition. The system acquired 2-D images of the eggs and collected 214 
the measurement data for the same 40 eggs. As demonstrated by Chan et al. (2018), if the egg is 215 
located in a free position on a flat ground or a stage surface, it would be tilted due to its elongated 216 
shape and liquid interior. Accordingly, the images of all the eggs were taken under two different 217 
conditions: (1) the eggs were free lied on the test bench leading to free projection, and (2) taped on 218 
the test bench to ensure that the maximum length was levelled to the test bench providing normal 219 
projection. A typical example of the acquired egg images is given in Fig. 4. The images of the eggs 220 
were processed using MatLab that allows to compute the geometric parameters of egg including the 221 
area (A, normal projection), the length (L), and the maximum breadth (Bt). 222 
 223 
(a) Edge detection. The edge detection was performed to determine the outer contour of the 224 
egg. This was achieved by firstly converting the RGB images to grey-scale images (Fig. 5a). The 225 
choice of the Sobel edge detection technique is because of its simplicity and fast computation in 226 
 11 
determining the distinct and low noise spatial gradient in an image such as an egg image (note that 227 
the edge of an object is expected to show a great spatial gradient with reference to the image 228 
background). In comparison, other edge detection techniques, such as Canny, Roberts and Prewitt 229 
edge algorithms (Chandwadkar, 2013), often have greater computational complexity and time 230 
consumption. In the edge detection, a pair of 33 Sobel operators, as shown in Fig. 6, were applied 231 
over the images to estimate the gradient of the image in both the horizontal (Gy) and vertical (Gx) 232 
directions. The magnitude (G) and direction () of the gradient at a pixel over the image can then be 233 
computed by (Chandwadkar, 2013): 234 
22












arctan  (22) 236 
When the gradient vectors (magnitude and direction) of all pixels are computed over the 237 
image, the pixels with great magnitudes are regarded to be the edge of the egg, and the its contour 238 
can then be drawn. The Sobel edge detection technique (Chandwadkar, 2013) was then applied on 239 
the pre-processed image to determine the edge of the egg, i.e., its outer contour. The output of the 240 
Sobel edge detection processing is a binary image of the detected edge (Figs. 5b and 5c). 241 
Once the edge of egg is detected, the egg’s area (A), length (L) and maximum breadth (Bt) 242 
can be determined from the edge-detected image. 243 
 244 
(b) Egg area A (cm
2
). The egg area was computed by counting the total number of pixels 245 





kA 12   (23) 247 
where i is a pixel within R, and k2 is a scale factor, which is used to convert the area from 248 
the number of pixels to an absolute unit (cm
2
) and can be obtained through the system calibration. 249 
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(c) Length (L) and maximum breadth (Bt) (cm). The length and breadth of the eggs were 250 
calculated by searching the maximum point-to-point distances along the y-axis for the length, and 251 
the x-axis for the breadth over the outer contour of the egg image (Fig. 5d). It is known that the 252 
distance between two points in a space is determined based on the Euclidean’s distance 253 




12321 )()(),( yyxxkppd   (24) 255 
where d is the distance between points p1(x1, y1) and p2(x2, y2). In this case as shown in Fig. 5d, the 256 
length (L) is the distance from points a to b, and the breadth (Bt) the distance from points c to d. k3 257 
is a distance factor, which converts the length from the number of pixels to an absolute unit (cm), 258 
and again obtained through the system calibration. 259 
All statistical data and corresponding mathematical approximations were estimated using 260 
the computer software package Statistica (StatSoft Inc). 261 
 262 
4. Results 263 
The measurement data of the examined eggs based on this direct measurement is 264 
summarised in Table 1. The results showed a reasonable variation in physical properties of the 265 
eggs. For instance, among the 40 chicken eggs randomly selected and examined, their weight 266 
ranged between 51.41 g and 68.72 g, with a mean of 59.19 ± 4.72 g, which can normally be 267 
observed for commercial table eggs in the field. Also, the mean egg length, breadth and volume in 268 
this experiment were 5.65 ± 0.19 cm, 4.33 ± 0.12 cm and 55.83±3.94 cm
3
, respectively. 269 
Table 1 270 
The geometrical properties of examined eggs based on direct measurements. 271 
Parameters Maximum Minimum Mean Standard deviation 
Weight, W (g) 68.72 51.41 59.19 4.72 
Length, L (cm) 6.00 5.27 5.65 0.19 
Max breadth, B (cm) 4.59 4.16 4.323 0.12 
Volume, V (cm3) 63.63 47.94 55.83 3.94 
 13 
 272 
Based on the digitally acquired egg images after their processing, L, Bt, and A were 273 
obtained, which were 405.81 ± 12.59, 312.65 ± 9.22, and 98,984.10 ± 5226.20 pixels, respectively 274 
(Table 2). A conversion of the pixels into metric units was done using the initial dataset of the 275 
measured egg linear parameters, L and B in centimetres, by which their corresponding values in the 276 
numbers of pixels were divided. The conversion coefficient was found to be 72.09 pixels in 1 cm in 277 
length (please note that the number of pixels should normally be an integer, however a decimal is 278 
used here just for a conversion purpose). Squaring of this value provided the conversion coefficient 279 
for A that was equal to 5197.03 pixels in 1 cm
2
 (Table 2). Comparing the results obtained by the 280 
calliper and the imaging system, respectively (Fig. 6), it was determined that both measurement 281 
techniques had a reasonable level of agreement with the averaged relative error being 0.42% and 282 
the maximum relative error being 1.88% in linear measurements. There are possible sources which 283 
may contribute to the measurement errors. The first is the inherent difference between the working 284 
principles of the two measurements. The second may be from the perspective effect along the 285 
optical path of the camera which could cause small variations of the length and area conversion 286 
coefficients across the 2-D image of the egg considering eggs varies in sizes. However, the level of 287 
the errors is small and regarded to be acceptable. 288 
Table 2 289 
The measurement data based on the image system. 290 
Parameter Maximum Minimum Mean Standard deviation 
L (pixels) 429 380 405.81 12.59 
Maximum B (pixels) 333 299 312.65 9.22 
A (pixels vs cm2) 108,888 / 20.95 89,039 / 17.13 98,984.100 / 19.05 5226.200 / 1.01 
 291 
As proposed in the theoretical section of this paper, the computation of B was performed 292 
using Eqs. 5, 10, 15, and the corresponding evaluation of V and S was done with Eqs. 3, 7, 13 and 293 
Eqs. 4, 8, 16, respectively. The data of L was taken from the direct measurements, while Bt was 294 
 14 
recalculated using the measurements of A through 2-D imaging. The results of this analysis for the 295 
three models of ovoids are presented in Table 3. 296 
Table 3 297 
Egg geometrical transformation into three models of ovoids. 298 
Transformation 
model 
Mean Bt (cm) Mean Vt (cm
3) Mean St (cm
2) R2 between V and Vt 
SD for 
difference 
Vt − V 
SE for 
difference 
Vt − V, % 
Sphere 4.93 ± 0.11a 62.66 ± 4.01a 76.23 ± 3.25 0.945 7.06 12.25 
Ellipsoid 4.307 ± 0.10 54.64 ± 3.38 79.55 ± 3.50 0.960 1.70 2.14 
Egg-shaped ovoid 4.51 ± 0.10 58.22 ± 3.59 72.26 ± 2.99 0.960 2.75 4.29 
a
p < 0.01 as compared to the appropriate, actually measured values of B and V from Table 1; R
2
, coefficient of 299 
correlation; SD, standard deviation; SE, standard error 300 
 301 
Comparing the data of Tables 1 and 3, it was found that actual values of B and V (Table 1) 302 
were consistent with the appropriately computed Bt and Vt for the ellipsoid and egg-shaped ovoid 303 
models (Table 3). The appropriate differences for the respective values that were actually measured 304 
and those computed using the either model were insignificant. If we look at the difference Vt − V 305 
depending on the transformation model, the lower values of standard deviation (1.70 vs 2.75) and 306 
standard error (2.14% vs 4.29%) were obtained for the ellipsoid and egg-shaped ovoid models, 307 
respectively, with a slight preference toward the ellipsoid. The usage of the transformation 308 
equations for the sphere model led to significantly different numbers of the direct measured values, 309 
B and V (Table 1), and the computed ones, Bt and Vt (p < 0.01; Table 3). 310 
In addition, we compared the computed lengths based on the images of eggs, which were 311 
taped and those laid free on the test bench. The tilted position corresponding to free projection 312 
could lead to a bias in determining the egg length, Lf, as well as that of normal projection, L. 313 
However, the differences appeared to be rather small and insignificant, with the means being L = 314 
5.65 ± 0.19 cm and Lf = 5.62 ± 0.18 cm. Such a negligible difference did also not affect 315 
significantly the area A for the normal projection, the means of which being A = 19.05 ± 1.01 cm
2
 316 




To explore those cases when a certain accuracy of the recomputed egg geometry is needed, 318 
the relationships between the respective variables of the normal projection egg images (L and A) 319 
and the free projection ones (Lf and Af) were evaluated and presented in the form of scattergrams 320 
(Fig. 7) after their approximating with the following equations for which high correlation 321 
coefficients R
2
 were also obtained: 322 
1903.00377.1  fLL ,  (25) 323 
R
2
 = 0.969; 324 
0836.00063.1  fAA ,  (26) 325 
R
2
 = 0.994. 326 
 327 
5. Discussion 328 
A combination of the mathematical computation and experimental measurement performed 329 
in this study has suggested that the proposed non-destructive, 2-D imaging-based method of 330 
geometrical transformation is accurate, reliable, user-friendly, cost effective, and can be easily 331 
implemented in both laboratory and industry conditions. The digital camera provides multi-332 
dimension and high-resolution data that is very helpful in re-computing geometrical variables of an 333 
examined object, which could not be done using conventional approaches. All the above can lead to 334 
a remarkable breakthrough in various related areas including research of egg quality traits and their 335 
impact on incubation, poultry breeding, storage conditions, etc., as well as development of 336 
industrial applications such as automated egg sorting. For instance, the egg density (sometimes 337 
referred to in the egg-related papers as specific gravity) is still one of the basic parameters that can 338 
predict egg freshness (e.g., Usturoi et al., 2014; Mezemir et al., 2017), shell thickness (e.g., 339 
Nordstrom and Ousterhout, 1982; Sooncharenying and Edwards, 1989), shell strength (e.g., Ahmad 340 
et al., 1976; Hamilton et al., 1979; Voisey et al., 1979), hatchability (e.g., Bennett, 1992; 341 
Rozempolska-Rucińska et al., 2011), and some variables of its interior (Narushin, 1997c). Taking 342 
into account that the egg density is physically determined as the ratio of egg weight and its volume 343 
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(e.g., Paganelli et al., 1974), these both parameters should be obtained in a fast, accurate and non-344 
invasive manner as we demonstrated in this study. Whilst the procedure of measuring the egg 345 
weight is common and easily applicable in poultry industry, determination of the egg volume is still 346 
a difficult task, and another similar problem is a solution for non-invasive detection of the egg 347 
surface area. Thus, the image processing technique along with the computation formulae examined 348 
in this study can be a valuable and high-throughput approach for solving the problems related to the 349 
measurement of the egg volume and its surface area. 350 
As theoretically proved in this study, the surface area of the chosen ovoids depends on their 351 
volume. It can be suggested further that the validity of the computed egg surface area would depend 352 
on the accuracy of the appropriate formula for estimating the egg volume. 353 
We demonstrated here that the method of geometrical transformation is reliable to turn the 354 
egg into all three chosen ovoid models, the appropriate correlation coefficient R
2
 for the 355 
recalculation of the egg volumes being fairly high, around 0.95, for the three ovoids. Judging from 356 
the studied sample of the chicken eggs, the ellipsoid and egg-shaped ovoid models seem to be the 357 
most plausible geometric figures, with a slight predisposition toward the ellipsoid. However, we 358 
would suggest that the proposed computation formulae for these three ovoids would be applicable 359 
at examining various eggs depending on their actual shape. Apparently, the chicken eggs in this 360 
experiment were of a more ellipsoid shape. We hypothesise that in a variety of avian species it 361 
would be more suitable to apply the sphere model for more round shaped eggs and the egg-shaped 362 
ovoid model if the examined eggs are more conical. These options enable using the proposed 363 
computation technique not only for the needs of poultry industry but also in ornithological, 364 
basically zoological studies when researchers handle varieties of eggs of different shapes. 365 
In the long run, we would suggest that a major application of such non-destructive 366 
technology would be industrial egg sorting lines that can be easily equipped with a camera and 367 
computer system. To simulate the field conditions, we also tested in the present study whether there 368 
would be an imaging error for the egg length and projection area if the eggs are located free, in a 369 
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tilted position and on a flat surface, and found that it would not introduce any error in calculation of 370 
these egg parameters. 371 
The simplicity of the proposed technology of the geometrical transformation could also be 372 
suitable for measuring the volumes and surface areas of other objects which shapes resemble 373 
ovoids, e.g., fruits, nuts, vegetables, grains, etc. 374 
In conclusion, the present study has shown that the 2-D imaging-assisted geometrical 375 
transformation of an egg into one of the known ovoids that mostly resemble the egg shape is a 376 
worthy, fast and reliable approach for determining the egg volume and surface area. The 377 
geometrical transformation tested for a sample of the chicken eggs showed valid results for the 378 
ellipsoid and egg-shaped ovoid models. We suggest that the method can be used for practical 379 
applications in examining avian eggs and that the digital imaging and image processing techniques 380 
coupled with the non-destructive method can serve as a basis for developing the appropriate 381 
instrumental technology and bringing it into practice. 382 
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d2d2 . 519 
According to the Simpson’s rule (Recktenwald, 2000), the above integral can be resolved using a 520 
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  (B2) 524 
and n is a number of pivot points. 525 
In our case a = 0, b = L and let’s choose n = 3. Then, 526 
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k . (B4) 534 
The equation (B4) can be simplified by simulating the data of B/L, being adequate to the variety of 535 
avian eggs and approximating of the obtained data with a simpler dependence. The B to L ratio is a 536 
function of n in accordance with the Eq. 11. 537 
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 . 542 
Finally, 543 
22 014.0637.0118.0 LBLBA  .  (B6) 544 
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Appendix C 546 
22 014.0637.0118.0 LLBBA   547 
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  551 
or 552 
LALB 699.2183.1677.2 21  .  (C1) 553 









 .  (C2) 555 
It is obvious that Eq. (C2) is negative, and that is impossible for the actual egg breadth, so only 556 
Eq. (C1) makes sense. 557 
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If we consider 590 
 28 
3LkV V  , 591 
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If we take into account that 596 
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Figure captions 608 
 609 
Fig. 1. Typical shapes of bird eggs (Biggins et al., 2018): (a) White-breasted Kingfisher (Halcyon smyrnensis); (b) 610 
Adelie Penguin (Pygoscelis adeliae); (c) Dalmatian Pelican (Pelecanus crispus); (d) Greater Flamingo (Phoenicopterus 611 
roseus); (e) Southern Brown Kiwi (Apteryx australis); (f) Little Grebe (Tachybaptus ruficollis); (g) Royal Tern 612 
(Thalasseus maximus); (h) King Penguin (Aptenodytes patagonicus); (i) Pheasant-tailed Jacana (Hydrophasianus 613 
chirurgus); (j) Common Guillemot (Uria aalge). 614 
Fig. 2. Block diagram of the imaging system for egg measurement. 615 
Fig. 3. Physical setup of the imaging system. 616 
Fig. 4. Example images of tested eggs: (a) free position; (b) taped. 617 
Fig. 5. Edge detection of the egg image as shown in Fig. 4b: (a) grey-scale image; (b) binary image; (c) edge of the egg; 618 
(d) length and breadth. 619 
Fig. 6. Measurement of length (a) and maximum breadth (b) for the chicken eggs of different origin: Woodlands M, 620 
Woodlands Farm medium sized; Woodlands L, Woodlands farm large sized; and Staveleys M, Staveleys Eggs Ltd 621 
medium sized. 622 
Fig. 7. Relationship between the actual length (a) and surface area (b) and that of free projection eggs computed based 623 
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